Infectivity of Borrelia burgdorfieri strain 297 in normal outbred ddY mice was examined. Strain 297 was inoculated intraperitoneally in 3-week-old outbred ddY mice. B. burgdorferi was routinely cultured from the heart and urinary bladder 5 to 84 days postinoculation. The combined isolation rate from both heart and urinary bladder was significantly higher than the rate from spleen, kidney, liver, urine, and blood samples. Three-and 10-week-old mice were infected with inocula of 104 and iOs or more, respectively. Passive transfer of undiluted and 10-fold-diluted anti-297 rabbit serum and active immunization of 50 to 100 pg of lyophilized whole cells completely protected mice from infection with B. burgdorferi. These results suggest that the outbred mouse is a convenient model for experimental infection with B. burgdorferi.
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Several laboratory animal species have been experimentally infected with Borrelia burgdorferi. These include dogs (11) , rabbits (7, 15, 16) , guinea pigs (16) , hamsters (9, 10, (12) (13) (14) (23) (24) (25) , rats (4, 5, 19) , inbred mice (2, 3, 6) , severe combined immunodeficiency (SCID) mice (20) (21) (22) , and white-footed mice (Peromyscus leucopus) (18, 26) , the primary reservoir of B. burgdorferi in North America. Experimentally infected rats (5) , inbred mice (3), SCID mice (22) , and irradiated hamsters (24) are useful for pathological studies because they frequently display arthritis and/or carditis. Rabbits and guinea pigs infected with B. burgdorferi develop skin lesions resembling human erythema migrans (7, 15, 16) . We believe that experimental mouse models are desirable because the feeding and handling of mice are easier than those of other animals. Barthold Three-and 10-week-old outbred ddY mice and 4-week-old golden hamsters were purchased from SLC Japan (Hamamatsu, Japan). Animals were housed at five per cage at an ambient temperature of 22°C. The test organism used was strain 297, originally isolated from human spinal fluid (27) . The virulent strain, passaged seven times in vitro, has been maintained by passage in hamster and cultured twice in BSKII medium (1) blood, urine, hearts, bladders, kidneys, livers, and spleens were cultured in BSKII medium for 4 weeks by the method of Schwan et al. (26) . Efficiencies of cultivation of B. burgdorferi 297 from the heart (87%) and the bladder (90%) were significantly higher than that from spleen, kidney, liver, urine, and blood through 5 to 84 days after inoculation of strain 297 (Table 1) . Furthermore, isolation efficiency from the heart and the urinary bladder combined was 100% at all dissection days. To determine susceptibility of ddY mice to infection with B. burgdorferi, 3-and 10-week-old ddY mice and 4-week-old hamsters were challenged i.p. At 14 days postinoculation, animals were sacrificed and the heart and the urinary bladder were cultured in BSKII medium. B. burgdorfen was cultured from the heart and/or the bladder of all 3-and 10-week-old mice inoculated with 104 cells, 105 cells, or greater than 105 cells (Table 2 ). Hamsters inoculated with 104 cells or more were also infected. These results suggest that the sensitivity of outbred ddY mice to infection with B. burgdorferi was much the same as that of hamsters.
In the passive immunization experiment, 100 ,ul of undiluted or diluted anti-297 immune rabbit serum or normal rabbit serum was inoculated i.p. into 3-week-old mice on day zero. Preparations of immune rabbit serum were described previously (17) . After 20 h, the mice were challenged i.p. with 108 B. burgdorferi cells. Outbred ddY mice receiving passively transferred undiluted and 10-fold-diluted immune serum were completely protected from B. burgdorfen infection (Table 3) . On the other hand, immune serum diluted 100-fold or greater and normal rabbit serum could not burgdorferi (108 cells per mouse). After 14 days, heart and urinary bladder tissues were removed from each mouse and cultured in BSKII medium.
prevent infection. In active immunization experiments, lyophilized B. burgdorferi cells were resuspended in saline at concentrations of 100, 250, 500, and 1,000 ,ug/ml. Threeweek-old mice were given a single dose (100 ,ul per mouse) of the vaccine i.p. The mice were challenged i.p. with 108 B.
burgdorferi cells at 14 and 28 days after vaccination. On day 14 after challenge, mice were sacrificed 4nd the heart and the urinary bladder were removed and cultured in BSKII me- (Table 4) . In this study, we evaluated the usefulness of outbred mice as an experimental model for B. burgdorferi infection. We demonstrated that the heart and the urinary bladder of infected mice were excellent sources of B. burgdorferi. On the other hand, isolation from the liver, the blood, and the urine was less productive. This observation is in accord with the results reported previously (10, 26) . Especially worthy of notice is that B. burgdorferi was isolated from the heart and/or the urinary bladder of all infected mice. Since this result suggested that cultivation of the heart and the bladder was sufficient to estimate infection in this model, cultivation was restricted to the two organs in the following experiments. Histopathological changes related to Lyme disease were not displayed by the ddY mice except for slight lymphocytic infiltration in the heart (data not shown). Minor histological changes were reported in hamsters (8) (9) (10) , normal C.B.-17 mice (22) , and the hispid cotton rat (8 
